INTRODUCTION
Addition of adenosine 3',5'-cyclic monophosphate (cAMP), theophylline, or cholera enterotoxin to isolated rabbit ileal mucosa results in an active secretory process characterized (in the short-circuited state) by net Cl secretion and by inhibition of net Na absorption (1, 2) . Both theophylline and cholera toxin increase the concentration of cAMP in the mucosa, the former by inhibiting cyclic nucleotide phosphodiesterase and the latter by stimulating adenylate cyclase (3) (4) (5) . Furthermore, changes in adenylate cyclase activity and cAMP concentration correlate closely with changes in ion transport (5, 6 ). cAMP appears, therefore, to be the mediator of these effects. Studies of ion influx across the luminal border indicate that these effects are due, at least in part, to inhibition of a coupled component of Na and Cl influx (7, 8) . At present it is unclear whether cAMP also stimulated active secretion of ions or only unmasks a pre-existing secretion by inhibiting their absorption. It also remains to be resolved conclusively whether the active secretory process is for anion alone (Cl and possibly also HCO3) or for anion coupled directly to Na (2, 9) .
Ethacrynic acid (EA)' has been shown to inhibit cholera toxin-induced intestinal fluid secretion in the dog (10) . This does not promise to be of therapeutic value since the diuretic effect of EA outweighs its antidiarrheal effect. Nonetheless, the inhibition by EA of cholera toxin-induced secretion is of theoretical in-'Abbreviations used in this paper: EA, ethacrynic acid; J,.t, net flux; J.., mucosal to serosal flux; J,m, serosal to mucosal flux; SCC, short-circuit current. were determined (see Table II ). All results for the presence and absence of EA represent paired data oni tissues from the same animals. Resistances were measured by pulsing in 100 ALA of current and measuring the voltage deflection. It had previously been determined that the I-V relationship is linear in these ranges. * P < 0.05 for paired difference from control (-EA).
terest with respect to the mechanism for cAMP-induced secretion in the intestine and, also more generally, with respect to the mechanism by which EA alters ion transport in other tissues, especially the kidney. We have therefore examined the antisecretory effect of EA in vitro, utilizing isolated rabbit ileal mucosa.
METHODS
Segments of distal ileum were obtained from New Zealand white, male rabbits that weighed between 2 and 3.5 kg and were fed a standard rabbit chow ad lib. The methods for isolating mucosa, short-circuiting and determining ion fluxes in vitro with '2Na, 'Na, and MCl have been previously described (11 (11) . In one set of experiments bidirectional Na fluxes were measured on each tissue with 'Na and "Na. The net flux (J..t) was calculated as the mucosal to serosal flux (Jms) minus the serosal to mucosal flux (J.m). Unless otherwise stated no glucose was present in the mucosal medium. Glucose (7.5-10 mM) was always added to the serosal medium and an equimolar amount of mannitol was added to the mucosal medium. In some experiments, four pieces of ileum were mounted from the same animal and fluxes were measured simultaneously under experimental and control conditions.
In cholera toxin experiments, toxin was introduced into isolated ileal loops of anesthetized animals and tissues f rom these or control loops were mounted in vitro 4 h later as,previously described (2). For determining the effects of cholera toxin, theophylline, and EA on tissue cAMP levels, sheets of mucosa were stripped f rom rabbit ileum (4), cut into sections of approximately 50 mg wet weight, and incubated with shaking at 37'C in suitable media. At the end of incubations, tissues were quickly transferred to conical centrifuge tubes containing 5 ml of ice-cold 5%o trichloroacetic acid (TCA) with 0.8 mCi of [3H]-cAMP (24 Ci/mmol) as a recovery marker. The tissues were homogenized with a Teflon pestle in a glass homogenizer and the TCA precipitates were then centrifuged at 4,000 g for 20 min at 4°C. The supernates were decanted into 40-ml conical centrifuge tubes and 0.5 ml of 1 N HCI was then added. The TCA was extracted five times with 10 ml of diethyl ether, after which the samples were evaporated to dryness at 50'C using an Evapo-Mix evaporator (Buchler Instruments, Div., Nuclear-Chicago, Corp., Fort Lee, N. J.). The residues were then dissolved in 2.0 ml of 50 mM sodium acetate buffer, pH 4.0. Recoveries of cAMP extracted from the tissues were determined by counting 0.5-ml aliquots in 10 ml of Bray's solution (12) and comparing the results with those obtained by counting aliquots of the original recovery marker diluted in 0.5 ml of the acetate buffer. Each sample was assayed in duplicate for cAMP levels by the proteinkinase-binding method described by Gilman (13) . The TCA precipitates were dissolved overnight in 5 ml of 1 N Table I for timing of additions and flux measurements. * P < 0.05 for unpaired difference from control (no EA). 1 P < 0.05 for paired difference from control (no EA). In these experiments, four tissues were prepared from one animal, one pair was used for the EA study and the other for the "control".
i Crude toxin, 100 mg/loop.
It Purified toxin, 10 ,g/loop. All statistical analyses were performed using Students' t test for paired and unpaired variates.
RESULTS
Effects of EA on electrical resistance and short-circuit cwrrent (SCC). Addition of EA to the serosal side of the ileum had no effect on SCC or resistance at concentrations below 0.01 mM. At EA concentrations of 0.05 mM and higher, the SCC declined quickly to reach a steady level which was 0.8-1.3 ,eq/h cm2 less than the control level (Table I) . After prior additions of cholera toxin, theophylline, and cAMP, EA also decreased SCC, the decreases ranging from 0. Effects of EA on Na and Cl fluxes. These results are summarized in Table II and Fig. 1 . EA, at 0.1 mM concentration, inhibited net Cl secretion in the presence of either cAMP (5 mM) or theophylline (10 mM EA, at 0.1 mM concentration, also shifted net Na transport in the absorptive direction in the presence of both theophylline and cAMP. The increase in net Na flux was due to an increase in the unidirectional Jms. Similar changes in Na transport were also produced by 0.05 mM EA in the presence of cholera toxin. However, at a 1.0 mMI concentration, EA failed to increase significantly net Na flux in the presence of cholera toxin. This concentration of EA also abolished the net Na flux of control tissues.
Effect of EA on glucose-coupled Na transport. The results shown in Table II Table III 'and references 11, 15, and 16), these data suggest that even 1 mM EA does not inhibit the sodium-pumping capacity of the ileum. Effect of EA on cAMP concentrations. The reported inhibitory effect of EA on intestinal mucosal adenyl cyclase activity (17) stuggests one mechanism by which EA may inhibit cholera toxin-induced intestinal fluid secretion. To explore further the interaction of EA withl cAMP metabolism in the ileal mucosa, sheets of mucosa preincubated with theophylline, purified cholera toxin, or Ringer's solution alone were exposed to 0.1 mM\ EA for periods ranging from 5 to 30 min and then processed for cAMP measurement. As shown in Table IV ophylline, or cholera toxin. NaCi extrusion by rabbit kidney cortex slices has been shown to be inhibited by EA and it has been argued that this inhibition results from a generalized depression of cellular energy metabolism (18) . Our data, especially at concentrations of EA less than 1 mM, suggest a more selective effect of the diuretic. cAMP-mediated active Cl secretion was inhibited by EA and active Na absorption was reestablished. Furthermore, the ability of glucose to further increase active Na absorption was not impaired. Thus the selective antisecretory effect of 0.1 mM EA indicated a clear separation between the active absorptive and secretory processes for ions in the ileum.
Whether both processes occur in the same cell or each in different cells (i.e., secretion by crypt cells) remains unsettled. Inhibition of active Na transport has been noted in everted hamster gut sacs after the addition of 5 mM EA to the serosal side (19) and in rabbit ileum after addition of 1 mM EA to the mucosal side (20) . When added to the mucosal side, EA may accumulate inside the cell. This has been shown to occur in rat kidney cortex slices (21) . Proverbio, Robinson, and Whittenbury (22) have found that Na (accompanied by Cl) extrusion from kidney cortex slices is completely inhibited by 2 mM EA, a dose that has a minimal inhibitory effect on the Na-K-ATPase activity. It is noteworthy that the EA-sensitive ion transport process in kidney cortex slices appears to extrude both Na and Cl (23) . It is clear then that the effect of EA on ion transport activity of various epithelia are of a more generalized nature at high concentrations whereas at lower concentrations (below 1 mM) processes possibly involving anions are more selectively affected.
EA, in concentrations comparable with those used in the present study, has been shown to inhibit adenylate cyclase in both control and cholera toxin-treated intestinal mucosal homogenates (17) . The present results indicate, however, that the mechanism by which 0.1 mM EA inhibits secretion is clearly not through inhibition of adenylate cyclase since EA inhibited secretion produced by the direct addition of cAMP. Furthermore, the increase in intracellular cAMP level produced by cholera toxin and theophylline was not significantly altered. Whether 1 mM EA would have affected cAMP levels was not determined. However, the change in net Na flux of cholera toxin-treated tissues produced by 0.05 mM EA could not have resulted from an effect of EA on adenylate cyclase activity.
The nature of the antisecretory effect of EA remains to be elucidated. Since EA modified the effect of exogenously added cAMP, EA must interact more directly with the secretory process than does cAMP itself. In principle, its effect could be exerted on the Cl translocation process, on the supply of energy for the transport, or on the mechanism of coupling between the translocation process and metabolism. EA has been found to inhibit Na-K-ATPase in several tissues (24) (25) (26) (27) . What role, if any, Na-K-ATPase plays in the intestinal secretory response is not known. Our data show that 0.1 mM EA does not inhibit base-line Na absorption and, furthermore, that glucose-coupled Na transport is unimpaired. The latter strongly suggests that EA blocks Cl secretion without inhibiting the Na transport mechanism. Thus, with respect to Na-K-ATPase and EA inhibition of Cl secretion, there are three possibilities: (a) the antisecretory effect of EA is unrelated to ATPase inhibition; (b) the coupling of energy to secretion involves a different and more EA-sensitive Na-K-ATPase than that which is linked to glucose-coupled Na transport; or (c) the same Na-K-ATPase is required for both Cl secretion and glucosecoupled Na transport, but the former required a higher rate of enzyme activity than the latter. Recent investigations on ion transport in the thick ascending limb of the loop of Henle have shown that Cl is actively transported (28) . This active transport is inhibited by furosemide (28) and also by EA and ouabain (29) . Ouabain is thought to be a specific inhibitor of Na-KATPase. Clearly, more work needs to be done regarding the specific nature of active Cl transport, the factors that control it, and its relation, if any, to Na-K-ATPase.
Recent investigations on the effect of EA on energyyielding reactions show that in several systems, e.g., renal cortex (30) , renal medulla (30), Ehrlich asictes tumior cells (31) , and turtle bladder epithelium (30) , EA was shown to affect a step in the glycolytic chain beyond formation of fructose diphosphate. In the turtle bladder, it was further demonstrated that EA inhibits glyceraldehyde-3-plhosphate dehydrogenase activity (30) . Whether cAMP stimulated Cl secretion by increasing the rate of glycolysis and, if so, whether glycolysis in the intestinal mucosa is inhibited by EA, are relevant questions that need to be answered.
